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(57) A heat exchanger (10) includes a housing 
(30), a reservoir (25) comprising a solid material 
mounted within the housing (30), temperature 
control means (31-34,77,80) for controlling the 
temperature of the reservoir (25), and energy 
exchange means (45) for allowing thermal con- 
tact between the reservoir (25) and a substance 
for effectuating transfer of energy from the 
reservoir (25) to the substance for regulating 
the temperature of the substance. 



FIG. 2 
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TECHNICAL FIELD 

The present invention relates generally to pro- 
duction of cryogenic aerosol and, more particularly, 
to surface cleaning using a cryogenic aerosol. 

BACKGROUND OF THE INVENTION 

Surface contamination is a widespread concern 
in many industries. Such contamination can result in 
production of inferior or non-operating products, or 
considerably lower product yields. For instance, as a 
specific example, surface contamination is a preva- 
lent problem in the microelectronics processing in- 
dustry, and can take the form of unwanted particles, 
films, molecules, or the like; and the surfaces that 
can be contaminated include those of semiconductor 
wafers, displays, microelectronic components, etc. 
Contamination of these surfaces can cause various 
types of defects to develop, including short circuits, 
open circuits, stacking faults, among others. These 
defects can adversely affect circuits, and ultimately 
cause entire chips to fail. 

Another type of surface that has contaminants 
that are required to be removed are the walls of tool 
or processing chambers, such as plasma etch and 
chemical vapor deposition reactors. Reaction resi- 
dues and/or polymers generated during semiconduc- 
tor processing tend to deposit on the chamber walls. 
These residues and/or polymers can subsequently 
flake off onto products being processed or onto sub- 
sequently processed products. In order to prevent 
yield loss due to this mechanism, manufacturing proc- 
essing chambers have to be disassembled periodical- 
ly to be cleaned or "wiped down". Current practice in- 
volves weekly disassembly of the fixtures inside the 
chamber and wipe down of all the surfaces with a mix- 
ture of alcohol and water. This periodic machine dis- 
assembly, wipe down, and re-assembly, and the re- 
quired long pump-down times after cleaning for sur- 
face drying, severely reduces the production and re- 
liability of the processing equipment. In addition, the 
acidic fumes formed when the deposited material re- 
acts with water often creates a health hazard for 
cleaning personnel. 

U.S. Patent No. 5,108,512, issued April 28, 1992, 
to Goffnett et al., relates to cleaning a chemical vapor 
deposition reactor used in the production of polycrys- 
talline silicon by impacting with carbon dioxide pel- 
lets. Goffnett et al. discloses delivering carbon diox- 
ide gas to a pelletizer where the gas is compressed 
and formed into solid carbon dioxide pellets. The pel- 
lets, along with an accelerant gas for increasing the 
velocity of the pellets, are delivered to a nozzle. The 
nozzle is a "venturi" nozzle which maximizes the ve- 
locity at which the pellets are emitted therefrom. Fur- 
ther, the nozzle is mounted on a conveyor arm which 
allows movement of the nozzle. Disadvantages asso- 



ciated with the Goffnett et al. apparatus include the 
requirement of a pelletizer, and the mounting of the 
nozzle on a conveyor arm for movement of the nozzle. 
More specifically, the conveyor arm arrangement lim- 
5 its mobility of the nozzle since the nozzle can only be 
moved in accordance with the configuration of the 
conveyor arm. 

Another form of cleaning includes chemical 
cleaning which is used for cleaning particulate and/or 

10 film contaminants from surfaces, such as wafers and 
substrates. Chemical cleaning involves using a sol- 
vent or liquid cleaning agent to dislodge or dissolve 
contaminants from the surface to be cleaned. A dis- 
advantageous associated with chemical cleaning 

15 methods is that the cleaning agent must be main- 
tained with a high degree of cleanliness and purity. 
Thus, a high quality agent is required, and the agent 
must be replaced periodically as it becomes progres- 
sively more contaminated during cleaning. The re- 

20 placed chemicals require disposal and cause environ- 
mental degradation. Accordingly, it is difficult and ex- 
pensive to appropriately and effectively implement 
chemical cleaning methods. 

U.S. Patent No. 5,062,898, issued Nov. 5, 1991, 

25 to McDermott et al., and commonly assigned to a co- 
assignee of the present invention, relates to a method 
of cleaning microelectronics surfaces using an aero- 
sol of at least substantially solid argon particles which 
impinge upon the surface to be cleaned. 

30 U.S. Patent No. 5,209,028 issued May 11th 1993, 

and commonly assigned to a co-assignee of the pres- 
ent invention, relates to an apparatus capable of exe- 
cuting the process of cleaning with a cryogenic aero- 
sol as described in U.S. Patent No. 5,062,898. 

35 This patent application is also related to the following 
commonly assigned, simultaneously filed patent ap- 
plications in Europe : 
European Patent Application No. 
entitled "High Efficiency/Vacuum insulated cryogenic 

40 nozzle" by J.J. WV et al (IBM docket Fl 9 93 032). 
European Patent Application No. 
entitled "Mounting apparatus for cryogenic aerosol 
cleaning" by B. Todd et al (IBM docket Fl 9 93 033). 
European Patent Application No. 

45 entitled "Apparatus for producing cyrogenic aerosol" 
by T.H. Freebern et al (IBM docket Fl 9 93 041). 
European Patent Application No. 
entitled "Integrated in line aerosol cleaner" by K/V. 
Srikrishnan et al (IBM docket Fl 9 93 026). 

so 

SUMMARY OF THE INVENTION 

Generally, the present invention relates to a heat 
exchanger which includes a housing, a reservoir com- 
55 prising a solid material mounted within the housing, 
temperature control means for controlling the temper- 
ature of the reservoir, and energy exchange means 
for allowing thermal contact between the reservoir 
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and a substance for effectuating transfer of energy 
from the reservoir to the substance for regulating the 
temperature of the substance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects, features, aspects and 
advantages will be more readily apparent and better 
understood from the following detailed description of 
the invention, in which: 

FIG. 1 shows an overall schematic illustration of 
an aerosol cleaning apparatus; 
FIG. 2 is a partial cross-sectional view of a heat 
exchanger in accordance with the present inven- 
tion; 

FIG. 3 is a cross-sectional view of a portion of the 
heat exchanger of FIG. 2; 
FIG. 4 is a cross-section a) view of insulation used 
in the heat exchanger of FIG. 2; 
FIG. 5 is a cross-sectional view of one embodi- 
ment of an apparatus for cleaning a surface in ac- 
cordance with the present invention; 
FIG. 6 is a frontal partial cross-sectional view of 
a nozzle tip in accordance with the present inven- 
tion; 

FIGS. 7A-B are different views of the nozzle tip 
of FIG. 6; 

FIG. 8 is a cross-sectional view of another em- 
bodiment of an apparatus for cleaning a surface 
in accordance with the present invention; 
FIG. 9 is a top view of the apparatus of FIG. 8; 
FIG. 10 is a bottom view of the apparatus of FIG. 
8; and 

FIG. 11 is a cross-sectional view of a nozzle tip 
in accordance with the present invention. 
FIG. 12A-C are various illustrative nozzles that 
can be utilized in accordance with the present in- 
vention; 

FIG. 13 is a cross-sectional view of a further em- 
bodiment of an apparatus for cleaning a surface 
in accordance with the present invention; and 
FIG. 14 is a top view of the apparatus of FIG. 13. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Generally, aerosol cleaning of contaminated sur- 
faces is accomplished through a process of colliding 
cryogenic particles at high velocity against the sur- 
face to be cleaned. The cryogenic aerosol particles 
strike contaminating particles, films and molecules 
located on the surface. The collision imparts suffi- 
cient energy to the contaminant so as to release it 
from the surface. The released contaminant becomes 
entrained in a gas flow and is vented. The gaseous 
phase of the aerosol impinges against the surface 
and flows across the surface, thus forming a thin 
boundary layer. The contaminating material usually 



exist within the low velocity boundary layer. There- 
fore, the gas phase alone cannot remove small con- 
taminants because of insufficient shearing force. 
However, the cryogenic aerosol particles have signif- 

s icant inertia and are thus able to cross through the 
boundary layer to the surface. 

Cryogenic aerosol particles tend to decelerate as 
they pass through the boundary layer toward the sur- 
face. In order for cleaning to occur, the aerosol par- 

10 tides must traverse the boundary layer and strike the 
surface. A simple model assumes that the gas flow 
creates a boundary layer of thickness "h" having a 
negligible normal component of velocity. In order to 
strike the surface, the solidified cryogenic aerosol 

15 particles must enter the boundary layer within a nor- 
mal component of velocity equal to at least "h/t". The 
particle relaxation time V is given by: 
t = 2a 2 p p C/9u 
where "a" is the cryogenic aerosol particle ra- 

20 dius, w p p M is the particle density, V is the dynamic vis- 
cosity of the gas, and W C" is the Stokes-Cunningham 
slip correction factor which is given by: 

C = 1 + 1.246(X/a) + 0.42(X/a) exp[ - 0.87(a/X)] 
where "X" is the mean free path of the gas molecules 

25 which is inversely proportional to the gas pressure. 

The above analysis shows that the effectiveness 
of the cleaning process is dependent on the size of 
the cryogenic aerosol particles. The cleaning process 
is more effective for cryogenic aerosol particles hav- 

30 ing large mass or high initial velocity. However large 
aerosol particles have high potential of damaging del- 
icate structures on the surface to be cleaned, such 
damage including pitting, cracking, dislocations, 
and/or stress. Further, large size cryogenic aerosol 

35 particles cannot penetrate into the depression area or 
trenches of the structures to remove contaminants 
effectively. 

The cryogenic aerosol particles are formed dur- 
ing an expansion process. The temperature drop as- 

40 sociated with the expansion causes gaseous or liquid 
species to nucleate and condense into at least sub- 
stantially solid particles. The nucleation occurs when 
the gas/liquid vapor becomes saturated, with a partial 
pressure exceeding the equilibrium vapor pressure. 

45 The stable size of the nuclei formed during this proc- 
ess is given by: 

a = 2ov 1 /kTln S 
where "o" is the surface tension; "Vi" is the mo- 
lecular volume of the nucleating species; "k" is the 
so Boltzmann constant; and T is the temperature in 
which the nucleation occurs. M S" is the saturation ra- 
tio of the condensible species reached during the ex- 
pansion and cooling. A rapid condensation and 
growth from the diffusion of the vapor molecules onto 
55 the nuclei occurs simultaneously to enhance the size 
of the cryogenic aerosol particle. 

The above analysis demonstrates that it is essen- 
tial to control the expansion parameters, such as the 
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pressure and the temperature of the gaseous or liquid 
species, prior to and after expansion in order to pro- 
duce desired cryogenic aerosol particles for achiev- 
ing damage-free cleaning performance. 

Inert substances that have been found effective 5 
for producing cryogenic aerosol for cleaning various 
surfaces include carbon dioxide, argon and nitrogen. 

Referring initially to FIG. 1, an apparatus capable 
of producing a cryogenic aerosol for cleaning or 
"sandblasting" a contaminated surface includes a 10 
source 5 of gas, liquid or gas/liquid from which aero- 
sol is produced. The substance that is supplied by the 
source 5 should be a substance which is not harmful 
to the surface 20 to be cleaned and should produce 
aerosol having a degree of purity in accordance with 15 
the required cleanliness of the surface 20. For in- 
stance, wafers in microelectronics processing are re- 
quired to be highly clean and, thus, a highly pure ae- 
rosol may be required for cleaning such wafers; 
whereas, plasma tool chambers may not require as 20 
high a degree of cleanliness and, accordingly, the ae- 
rosol used for cleaning plasma tool chambers may not 
be required to be as highly pure as that used for clean- 
ing wafers. 

Generally, although aerosol produced from gas, 25 
liquid or gas/liquid are each capable of cleaning vari- 
ous contaminated surfaces, it is preferable to produce 
aerosol from gas when higher purity aerosol is re- 
quired, and to produce aerosol from liquid or gas/liq- 
uid when relatively lower purity aerosol is required. In 30 
this regard, a heat exchanger 1 0 is required when pro- 
ducing aerosol from gas, but is not required when pro- 
ducing aerosol from cryogenic liquid or gas/liquid 
and, thus, it is generally less expensive to produce ae- 
rosol from cryogenic liquid or gas/ liquid. 35 

As mentioned hereinabove, inert substances that 
have been found effective for producing aerosol for 
cleaning various surfaces include carbon dioxide, ar- 
gon and nitrogen. For example, an at least substan- 
tially solid argon particle-containing aerosol produced 40 
from argon gas has been found effective for cleaning 
silicon wafers. The argon gas can be used alone or 
mixed with ultrapure nitrogen gas, in which case the 
nitrogen can be made to remain in the gaseous phase 
and serve as a carrier to impart high velocities to the 45 
solid argon particles that will be produced. Mixing ni- 
trogen with argon also allows for higher expansion ra- 
tios so as to enhance the Joule-Thompson effect and 
permit increased cooling. The nitrogen gas may also 
serve as a diluent for producing different sizes of ar- so 
gon aerosol particles when it is mixed with argon prior 
to expansion. These gases may be mixed and, option- 
ally, filtered and/or cooled to some extent prior to be- 
ing delivered to the heat exchanger 10 for further 
cooling. 55 

As a further example, aerosol produced from car- 
bon dioxide liquid, argon liquid, or nitrogen liquid has 
been found effective for cleaning plasma tool cham- 



bers. It should be emphasized that when producing 
aerosol from liquid or gas/liquid, the substance is fed 
directly to nozzle 15, i.e., without passing through the 
heat exchanger 10. 

When producing aerosol from gas, a gas is fed 
from the source 5 to the heat exchanger 1 0, which will 
be explained in greater detail hereinafter. Generally, 
the heat exchanger 1 0 cools the gas to near its lique- 
faction or solidification point, i.e., within about 5-20 
degrees F above its gas to liquid and/or solid transi- 
tion temperature; however, it is important that the ma- 
jority of the gas should be maintained in a gaseous 
state through the heat exchanger 10. The heat ex- 
changer 10 may also serve as an impurity trap to re- 
move condensable impurities from the gas passing 
therethrough. Typically, the cooled gas, for example, 
argon gas, has a temperature on the order of approx- 
imately -190 degrees F to -300 degrees F, at a pres- 
sure on the order of approximately 20 psig to 690 
psig, and preferably a temperature of between ap- 
proximately -250 degrees F and -300 degrees F, and 
a pressure of between approximately 20 psig and 100 
psig. 

Subsequently, the substance, which may be the 
cooled gas from the heat exchanger 10 or the liquid 
or gas/ liquid directly from the source 5, is fed to a noz- 
zle 15, wherein the substance is adiabatically ex- 
panded to a lower pressure so that at least a substan- 
tial portion of the substance solidifies, and is directed 
at the surface 20 to be cleaned. The nozzle 1 5 will be 
explained in greater detail hereinafter. The pressure 
of the expanded substance may range from high va- 
cuum to greater than atmospheric pressure. This ex- 
pansion effectuates Joule-Thompson cooling of the 
substance so as to cause, preferably, solidification 
thereof and thus production of an aerosol. However, 
although it is preferable that solidification of the sub- 
stance occurs, a portion of the substance may instead 
liquify or remain liquid. In this regard, the surface 20 
may still be effectively cleaned if at least a substantial 
portion of the substance forms into solid particles, 
and the remainder of the substance remains as liquid. 

Gas will directly form solid particles, i.e., without 
first forming liquid droplets, if the gas is pressurized 
to a point below its triple point If the gas is not pres- 
surized to a point below its triple point, then the gas 
may condense into liquid droplets and either remain 
liquid or, if the pressure drop was adequate, subse- 
quently freeze into solid particles. By way of example, 
the triple point of argon gas is at 9.99 psia, at -308.9 
degrees F. Further, liquid will form solid particles with 
sufficient cooling thereof. 

Referring now to FIG. 2, there is shown a heat ex- 
changer 10 capable of providing the cooling require- 
ments as outlined above. The heat exchanger 10 in- 
cludes a cryogenic reservoir 25 mounted within a 
housing 30. Since the cryogenic reservoir 25 can be 
mounted within the housing 30 by any of a number of 
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conventional means, such conventional means is not 
shown or discussed in detail herein. However, for 
maximizing efficiency, the cryogenic reservoir 25 is 
preferably not in contact with the interior walls of the 
housing 30. In this regard, the cryogenic reservoir 25 5 
can be isolated from the interior walls of the housing 
30 by positioning appropriate insulating material 
therebetween. 

Preferably, the cryogenic reservoir 25 comprises 
a solid material, and in order for the heat exchanger 10 
1 0 to be effective and efficient in allowing for gas tem- 
perature to be accurately controlled, for instance, to 
within 2-3 degrees F of the desired temperature, the 
cryogenic reservoir 25 should comprise a material 
having high thermal conductivity, a relatively large 15 
specific heat value, and adequate size or mass. Is- 
sues regarding manufacturability should be consid- 
ered, for example brazing. The type of material used 
and its required mass is determined by the cooling en- 
ergy requirements and allowable temperature f luctu- 20 
ation of the cryogenic reservoir 25 during the produc- 
tion of aerosol. For example, it has been found that a 
copper block having a mass of approximately 239 lbs 
has the necessary properties for serving as the cryo- 
genic reservoir 25 for certain applications. The tern- 25 
perature at which the cryogenic reservoir 25 must be 
maintained is a function of the operating pressure of 
the gas. Typically, the cryogenic reservoir 25 is main- 
tained at a temperature of between about -260 de- 
grees F and -300 degrees F. The higher the operating 30 
pressure of the gas, the higher the temperature at 
which the reservoir 25 must be maintained, and vice 
versa. Four thermal sensors 31-34 are positioned 
along the length of the cryogenic reservoir 25 to mon- 
itor the temperature of the cryogenic reservoir 25, 35 
and the temperature readings taken therefrom are 
used for controlling or regulating the temperature of 
the gas. 

The gas to be cooled enters at inlet 40, passes 
through tubing 45 for cooling, and the cooled gas ex- 40 
its at outlet 50. The tubing 45 should be of adequate 
length and suitable diameter to allow the gas passing 
therethrough to adequately cool to the required tem- 
perature as it approaches outlet 50. As an example, 
the tubing 45 can comprise stainless steel, or other 45 
appropriate material, and have an outside diameter of 
3/8 inch and a length of approximately 32 feet; where- 
in it has been found possible to cool gas to within 
about 2-3 degrees F of the temperature of the cryo- 
genic reservior 25 within the first 24 feet of the tubing so 
45. The gas is maintained at this temperature as it 
passes through the remaining length of the tubing 45. 

Further, the interior surfaces of the tubing 45 
should be adequately clean so that the gas passing 
therethrough is not contaminated. For example, the 55 
interior surfaces of the tubing 45 can be chemically 
cleaned and electropolished by conventional proc- 
esses. 



The tubing 45 should be in adequate thermal con- 
tact with the cryogenic reservoir 25 so that the cool- 
ing energy of the cryogenic reservoir 25 can be effec- 
tively and efficiently passed or transferred to the gas 
via the tubing 45. In this regard, in order to effectuate 
the transfer of the cooling energy, it is preferable that 
at least a portion of the tubing 45, along its entire 
length, be in physical contact or at least in close phys- 
ical proximity to the cryogenic reservoir 25 so that the 
gas passing through the tubing 45 is also in close 
physical proximity to the cryogenic reservoir 25. As 
such, the heat energy of the gas is exchanged with 
the cold energy of the cryogenic reservoir 25, via the 
tubing 45, and the gas is thus cooled. 

FIG. 3 shows one example of how the tubing 45 
can be positioned and located for providing adequate 
thermal contact with the cryogenic reservoir 25. Spe- 
cifically, a spiral radial groove 55 is machined in and 
around the cryogenic reservoir 25. The groove 55 
should be of suitable dimension for receiving the tub- 
ing 45 so that, preferably, a substantial portion of the 
tubing 45 can be in contact, or within brazed contact, 
with the cryogenic reservoir 25 within the groove 55. 
Optionally, a notch 60 can also be cut within the 
groove 55 and along the entire length of the groove 
55. 

For assembly, brazing wire is positioned into the 
notch 60, and the tubing 45 is swaged into the groove 
55 around the cryogenic reservoir 25. More brazing 
wire is then positioned along the length of the tubing 
45 outside of the groove 55. The cryogenic reservoir 
25, along with the tubing 45 and brazing wire, is then 
placed, for example, into a vacuum curing oven so 
that the brazing wire can be melted to form a bond be- 
tween the tubing 45 and the cryogenic reservoir 25. 
More specifically, the brazing wire in the notch 60 
melts and fills the notch 60 and provides a bond for 
the tubing 45; and the brazing wire positioned along 
the length of the tubing 45 outside of the groove 55 
melts and flows between the tubing 45 and the inside 
of the groove 55 so as to form a bond therebetween. 
The tubing 45 should be adequately bonded to the 
cryogenic reservoir 25 so that there is sufficient ther- 
mal contact therebetween, thus allowing for efficient 
exchanging or transferring of cooling energy from the 
cryogenic reservoir 25 to the gas via the tubing 45. 

In order to achieve the required temperatures and 
stability as specified hereinabove, the cryogenic re- 
servoir 25 and tubing 45, and the gas within the tub- 
ing 45, are isolated from convection and conduction 
heat input and radiation heat load, or cold energy loss 
therefrom, by being located within a housing 30 insu- 
lated by suitable insulation means. For example, the 
insulation means can comprise layered insulation 
means which surrounds the components within the 
housing 30 and/or the housing 30 itself; and the insu- 
lation means can further comprise vacuum insulation 
means which evacuates molecules from the housing 
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30. 

As an example, the layered insulation means 
comprises material which surrounds or is wrapped 
around the housing 30. Such material should be ca- 
pable of lowering radiation heat load and serving as 5 
a barrier for impeding conduction. In a preferred em- 
bodiment, concepts disclosed in the "Multilayer Insu- 
lation (ML!) in the Superconducting Super Collider - 
a Practical Engineering Approach to Physical Para- 
meters Governing MLI Thermal Performance", by 10 
J.D. Gonczy, W.N. Boroski , and R.C. Niemann, Fermi 
National Accelerator Laboratory, March 1989, and 
presented by J.D. Gonczy at the 1989 International 
Indistrial Symposium on the Super Collider, in New 
Orleans, Louisiana, February 8-10, 1989, are used 15 
for constructing the layered insulation means of the 
present invention. In accordance with these con- 
cepts, the layered insulation means can comprise a 
multilayered blanket 85, a top view, cross-sectional 
portion of which is illustrated in FIG. 4. The multi- 20 
layered blanket 85 has alternating layers of reflective 
layers 90 and spacer layers 95, with the multilayered 
blanket 85 beginning and ending with a spacer layer 
95. The reflective layers 90 each have a middle por- 
tion 92 comprising material having low emissivity so 25 
as to function as a barrier to conduction. The middle 
portion 92 of each reflective layer 90 is "sandwiched" 
between two end layers 93 and 94. Each end layer 
93,94 comprises material capable of reflecting ther- 
mal energy. The spacer layers 95 function to distance 30 
the reflective layer 90 from one another, thus encap- 
sulating the end layers 93,94 so that heat is not direct- 
ly transferred from one reflective layer 90 to the next 
reflective layer 90. The specific total number of alter- 
nating reflective and spacer layers required for the 35 
multilayered blanket 85 to function effectively de- 
pends on the particular application for which it is be- 
ing used. Generally, the heat flux through the blanket 
85 varies inversely with the number of reflective lay- 
ers 90 implemented, and is a function of the density 40 
or number of reflective layers 90 per unit thickness of 
the blanket 85. As a specific example, in order to pro- 
vide a blanket 85 effective for functioning as layered 
insulating means for aerosol production in the tem- 
perature ranges specified hereinabove, it has been 45 
found adequate to alternatingly stitch together 21 
spacer layers 95 between 20 reflective layers 90, with 
each reflector layer 90 having an emissivity of less 
than about 0.03 and a thickness of about 1/4 mil, and 
the middle portion 92 thereof comprising polyester, 50 
and each end layer 93,94 thereof comprising an alu- 
minized metal coating having a thickness of about 
350 Angstroms, and each spacer layer 95 having a 
thickness of about 4 mil, a density of about 0.5 oz/yd 2 , 
and comprising polyethylene terepththalate or spun- 55 
bonded polyester. 

Illustratively, a pump 65 can be provided for evac- 
uating gas molecules from the housing 30 so as to at- 



tain high vacuum therein, for example, on the order of 
about 1 X1 torr. As a specific example, the pump 65 
can be a Turbo-V60 Turbomolecular Pump, No. 969- 
9002, commercially available from Varian Vacuum 
Products, Lexington, MA. However, other commer- 
cially available pumps can also be used for achieving 
the desired vacuum level. Further, for increased cool- 
ing efficiency, the pump 65 can be mounted on a 90 
degree elbow 70 so that the mouth of the pump 65 is 
not pointing directly into the interior of the housing 30. 
In this regard, the 90 degree elbow 70 minimizes 
transfer into the housing 30 of any heat that may be 
generated by the pump 65 during operation. 

Cooling means 75, such as a cold head, having 
cooling elements 77 extending into the housing 30, 
and preferably into and/or in contact with the cryogen- 
ic reservoir 25, is provided for cooling the cryogenic 
reservoir 25 to the desired temperature. The cooling 
means 75 can be any commercially available cooling 
unit capable of cooling the reservoir 25 at a constant 
rate until the desired temperature is reached. For ex- 
ample, a Balzers Model VHC 150 Cryogenic Refrig- 
erator, commercially available from Balzers, Hudson, 
NH, is a closed cycle refrigerator capable of delivering 
200 watts of power at 77 degrees K. This allows the 
cryogenic reservoir 25, comprising the 239 lb copper 
block, to be cooled from room temperature to 77 de- 
grees K in approximately 9 hours, with the minimum 
temperature being approximately 24 degrees K. This 
heat exchanger 10 allows for large heat loads of gas 
to be maintained within a small variation of a desired 
low temperature. For example, it has been found that 
with a process heat load of approximately 1200 
Watts/minute, the output temperature of the gas can 
be maintained and controlled to within +/-1 degree F 
of a desired temperature. 

Further, heating means, such as a conventional 
heat source (not shown) having heating rods 80 ex- 
tending into the housing 30, and preferably into or in 
contact with the cryogenic reservoir 25, can also be 
provided for precisely maintaining the cryogenic re- 
servoir 25 at a desired temperature. The cold head 
and/or heat source can be cycled on and off for such 
a purpose. In this regard, the cryogenic reservoir 25 
can also be maintained at a desired temperature with- 
out the heating means by appropriately cycling the 
cold head on and off. 

Additionally, it should be apparent that the heat 
exchanger 1 0 of the present invention can be used as 
a heating device, instead of a cooling device, if heat- 
ing means is implemented in lieu of the cooling means 
75. Heat sources that are currently commercially 
available can be used for such purpose. In such case, 
the reservoir 25 can be referred to as a heat reservoir 
rather than a cryogenic reservoir. 

Moreover, the apparatus of the present invention 
can function as a heat exchanger and/or purifier or 
impurity trap. While gas is reduced to low tempera- 
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tures within the tubing 45, any impurities that are con- 
tained in the gas that has a transition temperature 
above the holding temperature will condense onto the 
interior walls of the tubing 45. This is also true for liq- 
uids passed through the tubing 45. In this regard, it 5 
should also be noted that when functioning as an im- 
purity trap, regeneration means should also be in- 
cluded for desorbing the impurities that condense 
onto the interior walls of the tubing 45. In this regard, 
heating means, such as the conventional heat source 10 
(not shown) having the heating rods 80 extending into 
the housing 30, can be used to bring the temperature 
of the cryogenic reservoir 25 above the transition 
temperature of the impurities, and the desorbed im- 
purities can then be "purged" out of the tubing 45. 15 

Subsequent to being cooled by the heat exchang- 
er 10, the gas is delivered to the nozzle 15 which ef- 
fectuates aerosol production, and directs the aerosol 
to the surface 20 to be cleaned. The nozzle 1 5 should 
be capable of efficiently providing the required Joule- 20 
Thompson cooling of the gas so as to solidify at least 
a substantial portion of the gas for production of the 
aerosol. In accordance with the invention, various 
means of mounting the nozzle 15 can be implement- 
ed depending on the particular application and sur- 25 
face being cleaned. 

Referring to FIGS. 5-7, in one embodiment, a 
nozzle apparatus which includes a nozzle 102 is af- 
fixedly mounted to a process chamber 105 in which 
the surface 20 to be cleaned, for example, a wafer, is 30 
positioned. The surface 20 can be maneuvered under 
the nozzle 102 using, for example, a chuck 110 onto 
which the surface 20 is positioned. Thus, the aerosol 
being produced is directed at the surface 20 and the 
surface 20 is cleaned as it is maneuvered under the 35 
nozzle 102. Moreover, a curtain or carrier gas of, for 
example, nitrogen, can be made to flow, as indicated 
by arrows 115, through the process chamber 105 as 
the surface 20 is being cleaned. Particles being 
cleaned off the surface 20 can be carried away by the 40 
curtain gas. Further, the curtain gas can function to 
minimize formation of moisture, ice or impurity con- 
densate on the surface 20 due to the aerosol being di- 
rected thereat. Formation of such moisture or ice can 
cause inadequate cleaning of the surface 20. The 45 
surface 20 can also be heated by conventional heat- 
ing means in order to be kept dry. 

As shown, the nozzle 102 is connected to one end 
of a delivery line 120. The other end of the delivery 
line 120 is connected to the tubing 45 from the heat so 
exchanger 10; or the other end can be connected di- 
rectly to a substance supply if the substance does not 
require cooling prior to delivery to the nozzle 102. The 
delivery line 120 is contained within a vacuum feed- 
through assembly 1 25. One end of the vacuum feed- 55 
through assembly 125 is mounted to the heat ex- 
changer 10; and the other end of the vacuum feed- 
through assembly 125 is mounted to a chamber cover 



1 30 of the process chamber 1 05. The chamber cover 
130 has a nozzle housing 135 which extends into the 
process chamber 105. Preferably, the vacuum feed- 
through assembly 125 is in communication with the 
heat exchanger 10, and the nozzle housing 135 of the 
chamber cover 130 is in communication with the va- 
cuum feedthrough assembly 125 such that the va- 
cuum attained within the housing 30 of the heat ex- 
changer 10 can be realized within the vacuum feed- 
through assembly 125 and further realized within the 
nozzle housing 135. Accordingly, the vacuum feed- 
through assembly 125 should be mounted and sealed 
with the housing 30, and the chamber cover 1 30 of the 
process chamber 105 should be mounted and sealed 
with the vacuum feedthrough assembly 125 so that 
the pump 65 can be used for attaining vacuum within 
the housing 30, as well as within the assembly 125 
and nozzle housing 135. Such mounting and sealing 
can be accomplished by conventional means and 
thus will not be further discussed herein. As such, the 
vacuum level in the vacuum feedthrough assembly 
125 and nozzle housing 135 can be maintained ap- 
proximately equal to the vacuum level in the housing 
30, for instance, at approximately 1x10^ torr. Provid- 
ing for vacuum in the vacuum feedthrough assembly 
125 and in the nozzle housing 135, so as to insulate 
and/or isolate the delivery line 120 and the nozzle 102 
from atmosphere, allows for the temperature of gas 
being delivered from the tubing 45 of the heat ex- 
changer 1 0 to the nozzle 102 via the delivery line 120 
to be maintained relatively close to its transition tem- 
perature. 

Further, providing for vacuum in the vacuum 
feedthrough assembly 125 and nozzle housing 135 
prevents condensation, moisture, or other impurities 
from forming on the delivery line 120 and/or nozzle 
102. Formation of condensation on the line 120 
and/or nozzle 102 is detrimental to aerosol produc- 
tion and may cause unstable aerosol jets. If conden- 
sation forms after the delivery line 120 and nozzle 
102 cool down, the condensation process releases 
heat and causes the temperature to rise. This temper- 
ature rise may prevent gas from being maintained at 
the desired temperature, and aerosol may thus be 
prevented from forming. Thus, the process condition 
may become unstable and/or the process time from 
standby to operating temperature may be lengthened 
or operating temperature may become impossible to 
achieve. 

As shown more specifically in FIGS. 6-7, the noz- 
zle 102 includes an upper distribution manifold 140 
and a lower distribution manifold 145. The manifolds 
140,145 have dimensions suitable for the particular 
application. For example, for cleaning 8 inch wafers, 
the upper distribution manifold 140 can have a length 
L1 of approximately 8.125 inches, and the lower dis- 
tribution manifold 145 can have a length L2 of approx- 
imately 8.610 inches. 
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The materia! chosen to form the manifolds 
140,145 should be able to withstand erosion due to 
the pressure of the gas passing therethrough, and 
should be able to withstand the low operating temper- 
atures without fracturing. Other factors to consider in 5 
choosing the material may include ease of machining 
or manufacturability and cost. Material that may be 
used include ceramic, glass, stainless steel, copper, 
aluminium, plastics, alloys, etc. 

A plurality of balancing openings or holes 10 
150,152 are provided at the interface 155 between 
the upper and lower distribution manifolds 140 and 
145 so that no low pressure points are generated 
therein. The balancing holes 150,152 effectuate even 
distribution of gas so as to equalize the pressure of 15 
the gas being passed from the upper distribution 
manifold 140 to the lower distribution manifold 145. 
If a low pressure point was unintentionally generated, 
the change in pressure may cause the transition tem- 
perature of the gas to be altered so that an uneven ae- 20 
rosol is generated downstream of the nozzle 1 02. The 
uneven pressure distribution in the nozzle may also 
cause liquification and/or solidification of the gas in- 
side the nozzle, and thus cause unstable aerosol jets. 
In order to avoid generation of these low pressure 25 
points in manifolds having the lengths specified 
above, it has been found that a row of about six bal- 
ancing holes 150,152, equally spaced apart at a dis- 
tance of about 1.333 inches on centers from the next 
adjacent balancing hole 150,152 is capable of pre- 30 
venting generation of low pressure points. Note that 
gas being delivered into the nozzle 102 is directed at 
balancing holes 150, so that these balancing holes 
150 realize greater gas pressure than do the balanc- 
ing holes 152 that are situated closest to the ends of 35 
the interface 155. Thus, the balancing holes 150 that 
realize greater gas pressure are made smaller than 
the balancing holes 152 that realize less gas pres- 
sure. For example, the balancing holes 150,152 can 
each have a diameter of between 0.1 inches and 0.25 40 
inches and, as a specific example, balancing holes 
150 each have a diameter of about 0.125 inches, and 
balancing holes 152 each have a diameter of about 
0.1875 inches. 

For efficiency, the distribution manifolds 140,145 45 
of the nozzle 102 comprise thin walls, i.e., walls of 
small cross-sectional area, for example, on the order 
of about 0.030 inches to 0.05 inches. In this regard, 
the thin walls allow the distribution manifolds 140,145 
to rapidly cool down to the desired operating temper- so 
ature. This minimizes the cycle time of the nozzle 102 
to go from standby temperature to processing tem- 
perature, and also minimizes cooling loss of the gas 
prior to expansion. 

The lower wall 160 of the lower distribution mani- 55 
fold 145 is angled or slanted, and this lower wail 160 
includes a row of exit openings 1 65 through which the 
aerosol is formed and directed at the surface 20 to be 



cleaned. The exit openings 1 65 can be any shape, for 
example, circular holes or slits. The angle or slant of 
the lower wall 160 allows for effective cleaning of the 
surface 20 by directing the aerosol at the surface 20 
in a slanted manner. In this regard, the aerosol jet 
generated from the exit openings 165 is aimed at a 0- 
90 degree angle, and preferably 45 degree angle, rel- 
ative to the surface 20. Further, the exit openings 165 
should be spaced apart and of a size which allows for 
overlapping of the gas as it exits therethrough so that 
the aerosol forms as a solid "curtain" at a predeter- 
mined distance from the surface 20. This will ensure 
that the entire surface 20 is covered and cleaned by 
the aerosol. Further, the diameter of the exit openings 
165 should be adequately small so that there is suf- 
ficient expanding of the substance to a lower pressure 
so that at least a substantial portion of the substance 
solidifies due to Joule-Thompson cooling of the sub- 
stance for production of aerosol. In this regard, the di- 
ameter of the exit openings 165 is a function of the 
pressure at which the substance is being delivered to 
the nozzle 1 02. The greater the pressure of the deliv- 
ered substance, the larger the allowable exit open- 
ings 165, and vice versa. For example, if argon gas 
is being delivered at a pressure of about 70 psig, each 
exit opening 165 can be a hole having a diameter on 
the order of about 0.005 inches to 0.1 inches. Further, 
these exit openings 165 can be spaced apart a dis- 
tance of about 0.0625 inches on centers from the next 
adjacent exit opening 165, so that about 128 exit 
openings 165 can be positioned in a lower distribution 
manifold 145 which has a length of approximately 
8.610 inches. 

tn this embodiment, the nozzle 102 includes 
mounting segments 170,175 used for mounting the 
nozzle 102 to the nozzle housing 135 of the chamber 
cover 130. The mounting segments 170, 175 can be 
attached or affixed to the nozzle housing 1 35 by con- 
ventional means, such as by welding. In order to min- 
imize thermal conduction, as best illustrated in FIG. 
5, note that the nozzle 102 is supported within the 
nozzle housing 135 solely by attachment of the 
mounting segments 170,175 to the housing 135, and 
the major surfaces of the nozzle 102 are surrounded 
in vacuum. Additionally, in order to further minimize 
thermal conduction, the interfaces 180,185 between 
the nozzle 102 and the portions of the mounting seg- 
ments 170,175 which are affixed to the housing 135 
can be thinned so as to minimize the cross-sectional 
area of the interfaces 180,185. Thus, the interfaces 
180,185 function as thermal barriers between the 
nozzle 102 and the nozzle housing 135. For example, 
the interfaces 180,185 can be thinned to a thickness 
of about 0.005 inches. 

In another embodiment, as shown in FIGS. 8-11, 
a nozzle apparatus with a nozzle 202 is mounted so 
that the nozzle 202 extends or is suspended from or 
within a nozzle mounting enclosure, housing orcham- 
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ber 205 in a maneuverable or movable manner. The 
nozzle mounting chamber 205 can then be mounted 
to a tool chamber 210, or any processing equipment, 
or portion thereof, that needs to be cleaned. The noz- 
zle 202 can then be directed at the tool chamber 210 s 
for cleaning, for example, its interior walls with the ae- 
rosol being produced from the nozzle 202. Note that 
since the nozzle 202 in this embodiment is not aff ixed 
to a housing as in the embodiment described above, 
the nozzle 202 does not require mounting segments 10 
and no interface exists between the nozzJe 202 and 
a supporting structure. Accordingly, a thermal barrier, 
such as the thinned out interfaces 180,185 described 
hereinabove, is also not required in this embodiment. 

Preferably, at least the sidewall 21 5 of the nozzle 1 s 
mounting chamber 205 comprises a clear material, 
such as a clear plastic, so that the interior of the tool 
chamber 210 being cleaned can be visible to the user, 
and so that the nozzle apparatus within the nozzle 
mounting chamber 205 can also be visible to the user. 20 
The sidewall 215 is positioned between a cover 225 
and a flange 230, which are held together using, for 
example, four steel rods 235 which extend through 
the chamber 205 and are affixed to the cover 225 and 
the flange 230. 25 

The flange 230 can be temporarily and removably 
mounted to the tool chamber 210 by conventional 
means, such as using bolts 212. As a specific exam- 
ple, it has been found that the apparatus of the pres- 
ent invention can be mounted to and effectively clean 30 
the interior walls of an AME5000 plasma tool cham- 
ber, manufactured by Applied Materials, Inc., Santa 
Clara, CA. 

The nozzle mounting chamber 205 further in- 
cludes a purge port 240 and an exit port 245. The 35 
purge port 240 has a purge gas source 247 connected 
thereto. The purge gas is introduced into the chamber 
205 and prevents formation of condensation or im- 
purities on interior surfaces of the nozzle mounting 
chamber 205, cover 225, flange 230, tool chamber 40 
210, or on surfaces of components contained therein, 
including the surface being cleaned. For example, the 
purge gas should have at least about 99% purity, for 
instance, the purge gas can comprise a dry nitrogen 
gas. The exit port 245 connects to an exhaust and/or 45 
vacuum pump 247. The purge and exhaust/vacuum 
are arranged so as to allow for contaminants or par- 
ticles that are cleaned off of the surfaces of the tool 
chamber 210 to be removed via the exit port 245 so 
as to prevent the contaminants or particles from re- 50 
contaminating the tool chamber 210. For instance, ar- 
ranging the purge and exhaust/vacuum so as to es- 
tablish positive pressure in the chambers 205 and 21 0 
is one technique for accomplishing this task. 

A pressure regulator 249 can be added either on 55 
the purge line and/or on the exhaust/vacuum. The 
pressure regulator 249 allows for regulation of pres- 
sure within the nozzle mounting chamber 205, and 



pressure therein can be maintained at a constant 
whether or not aerosol is being produced. The pres- 
sure regulator 249 can be connected to the purge side 
and/or the exhaust/vacuum side in accordance with 
the pressure balance design, and is shown herein on 
the exhaust/vacuum side. Further, a gauge 250 can 
also be included for allowing monitoring of the pres- 
sure within the nozzle mounting chamber 205. 

A gas and/or liquid supply to be used for produc- 
ing aerosol is connected to inlet 255 for delivering to 
the supply line 260 within the nozzle mounting cham- 
ber 205. As above, the specific substance delivered 
and its form, i.e., gas, liquid, or gas/liquid, depends 
upon the surface being cleaned and the purity re- 
quirements. Generally, other factors to be considered 
in choosing a substance include damage to the sur- 
face caused by the substance, the type of particles 
being cleaned, the work environment, the availability 
of the substance, environmental hazards caused by 
the substance, etc. For instance, carbon dioxide liquid 
has been found to be effective for cleaning tool cham- 
bers. In this regard, carbon dioxide aerosol is prefer- 
red for removing deposits of an organic nature. 

In accordance with details specified hereina- 
bove, the inlet 255 should be connected to the tubing 
45 of the heat exchanger 10 when cooling is required 
prior to expansion by the nozzle 202, i.e, when pro- 
ducing aerosol from gas. However, in the instance 
where cryogenic liquid or gas/liquid is used and such 
cooling is not required, the inlet 255 can be connected 
directly to the supply of liquid or gas/liquid. 

The substance is delivered via the supply line 260 
to the nozzle 202 for production of aerosol for clean- 
ing the interior of the tool chamber 210. One end of 
the supply line 260 is affixed to the cover 225, and the 
other end of the supply line 260 is connected to the 
nozzle 202 using conventional means, such as, a 
stainless steel collar 263 or by welding. Thus, the noz- 
zle 202 is suspended by the supply line 260. The 
length of the supply line 260 depends on the dimen- 
sions of the tool chamber 210 being cleaned, and 
what areas of the tool chamber 210 require to be ac- 
cessed by the aerosol. In this regard, as appropriate, 
the supply line 260 may be of a length which allows 
the nozzle 202 to extend beyond the flange 230, as 
shown, or the supply line 260 may be shortened so 
that the nozzle 202 remains within the nozzle mount- 
ing chamber 205. 

The nozzle 202 in this embodiment may include 
a protective coating 265 thereon, and may have only 
one exit opening 270. The protective coating 265 pro- 
tects against damaging interior surface of the tool 
chamber 210 by accidental contact with the nozzle 
202, and the protective coating 265 can comprise any 
suitable material for such purpose, for example, Te- 
flon (a trademark of the DuPont, Co. for polytetra- 
fluoroethylene). 

Although the exit opening 270 is illustrated as be- 
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ing located at the end of the nozzle 202, the exit open- 
ing 270 can be located anywhere on the nozzle 202 
that may be convenient for directing the aerosol for 
cleaning. For example, the exit opening 270 can also 
be located on a side of the nozzle 202. Further, al- 
though only one exit opening 270 is shown, there can 
be as many exit openings 270 positioned in the nozzle 
202 in any pattern as may be required for adequate 
cleaning. The quantity of exit openings 270 included 
depends on the surface area of the surface being 
cleaned. It has been shown that a single circular 
opening at the tip of the nozzle 202 having a diameter 
of about 0.02 inches is capable of producing an aero- 
sol effective for cleaning certain tool chambers. Ex- 
amples of various exit opening 270 arrangements for 
the nozzle 202 are illustrated in FIGS. 12A-C. In this 
regard, the nozzle 202 can be made to be removable 
and interchangable to suit many cleaning require- 
ments. 

If a relatively large quantity of exit openings 270 
are required, then the upper and lower distribution 
manifold arrangement as described hereinabove may 
be required to be implemented since the problem of 
low pressure points may develop. Of course, when 
using only one exit opening 270, the problem of pres- 
sure balancing does not exist. Also, as specified 
above, the dimensions of the exit opening 270 de- 
pends on the pressure at which the substance is be- 
ing delivered, but must be adequately small to allow 
for proper expansion for aerosol production. Accord- 
ingly, the nozzle 202 can be made to be conveniently 
removable by mounting with conventional screws, 
pins, clamps, or the like, so that replacement nozzles 
having variously positioned openings can be inter- 
changably used. 

In order for the aerosol to access and clean ail 
contaminated surfaces of the tool chamber 210, 
means should be provided for maneuvering or manip- 
ulating the nozzle 202 for directing the aerosol to such 
contaminated surfaces. In this regard, the supply line 
260 can comprise material which remains adequately 
flexible during cleaning at the required low tempera- 
tures. The supply line 260 can then be maneuvered 
for directing the nozzle 202 towards surfaces to be 
cleaned. For instance, plastic and certain metal con- 
structions can be used in the construction of the sup- 
ply line 260 for achieving the required flexibility. As a 
specific example, stainless steel braided tubing with 
an outside diameter of about 0.125 inches has been 
found to remain sufficiently flexible for producing ae- 
rosol from carbon dioxide liquid delivered at room 
temperature and at a pressure of about 800 psig. 

Another means for providing maneuverability 
comprises a swivel-type joint 264 which connects, for 
instance, the supply line 260 to the cover 225. The 
supply line 260 can then be swiveled at the joint 264 
for directing the nozzle 202 towards the surfaces to 
be cleaned. 



In order to control maneuvering, conventional au- 
tomated maneuvering means, such as a robotic arm, 
can be provided, or manual maneuvering means can 
also be provided. As shown, for manual operation, the 

5 housing 205 can be equipped with an access opening 
275 through which, for instance, one or more gloves 
222 can be introduced into the nozzle mounting 
chamber 205. The access opening 275 can have a 
frame 280 comprising, for example, stainless steel 

10 which is adapted for receiving the gloves 222 while 
maintaining an adequate seal from atmosphere with- 
in the nozzle mounting chamber 205. A user's hand 
is inserted into the gloves 222 for manually maneuv- 
ering the nozzle 202. Further, for easier and/or more 

15 convenient handling, a nozzle grip 220 can be provid- 
ed along the supply line 260 at a location before the 
nozzle 202 for use as a handle. The nozzle grip 220 
can comprise, for example, Teflon (a trademark of the 
DuPont, Co. for polytetrafluoroethylene). For further 

20 convenience and safety, a valve 223 can also be pro- 
vided along the supply line 260 for controlling or reg- 
ulating delivery of a substance to the nozzle 202. 

Referring now to FIGS. 13-14, in another embodi- 
ment of the present invention, a flange 300 is adapted 

25 for being directly mounted to a tool chamber 305 for 
cleaning the tool chamber 305. The flange 300 is con- 
ventionally mounted to tool chamber 305, as descri- 
bed above, and can be made to be either permanently 
mounted or temporarily mounted only during clean- 

30 ing. As shown, the flange 300 includes a purge port 
310 having a purge gas supply 315 connected there- 
to, and an exit port 320 having an exhaust and/or va- 
cuum pump 325 connected thereto; and a pressure 
regulator 326 is connected to the exhaust/vacuum 

35 line. Further, a nozzle 330 is mounted to the flange 
300. The nozzle 330 can be movably/maneuverably 
mounted or aff ixedly mounted, and a supply is direct- 
ly connected to the inlet 335 of the nozzle 330. As 
above, a swivel-type joint 340 can be provided for 

40 connecting the nozzle 330 to the flange 300, and an 
access opening 345 can be provided in the flange 300 
for allowing maneuvering of the nozzle 330. Further, 
the purge and exhaust/vacuum means provide for 
positive pressure in the tool chamber 305, and pre- 

45 vent formation of condensation or moisture, or impur- 
ities on the tool chamber 305 interior, and prevent re- 
contamination of the tool chamber 305. 

While the invention has been described in terms 
of specific embodiments, it is evident in view of the 

50 foregoing description that numerous alternatives, 
modifications and variations will be apparent to those 
skilled in the art. Thus, the invention is intended to en- 
compass all such alternatives, modifications and va- 
riations which fall within the scope of the invention 

55 and the appended claims. 
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Claims 

1. A heat exchanger, comprising: 
a housing; 

a reservoir comprising a solid material mounted 
within said housing; 

temperature control means for controlling the 
temperature of said reservoir; and 
energy exchange means for allowing thermal 
contact between said reservoir and a substance 
for effectuating transfer of energy from said re- 
servoir to the substance for regulating tempera- 
ture of the substance. 

2. A heat exchanger according to claim 1, wherein 
said reservoir functions as a cryogenic reservoir 
and said temperature control means comprises 
cooling means for cooling said reservoir. 

3. A heat exchanger according to claim 2, wherein 
the substance is a gas and the energy transferred 
from the reservoir to the gas cools the gas to a 
temperature within about 5-20 degrees F above 
its gas to liquid or solid transition temperature. 



7. A heat exchanger according to claim 1, further 
comprising insulation means. 

8. A heat exchanger according to claim 7, wherein 
said insulation means comprises layers of insu- 
lating material. 

9. A heat exchanger according to claim 7, wherein 
said insulation means comprises vacuum insula- 
tion means. 

10. A heat exchanger according to claim 9, wherein 
said vacuum insulation means comprises a pump 
mounted to said housing. 

11. A heat exchanger according to claim 10, wherein 
said pump is mounted to said housing on a 90 de- 
gree elbow. 



12. A heat exchanger according to claim 9, 10, 11, 
wherein said insulation means comprises layers 
of insulating material. 

5 13. A heat exchanger according to claim 12 or 8, 
wherein said layers of insulating material sur- 
round said housing. 

14. A heat exchanger according to claim 13, wherein 
10 said layers of insulating material comprise alter- 
nating layers of reflective layers and spacer lay- 
ers. 

15. A heat exchanger according to claim 14, wherein 
15 said layers of insulating material begins and ends 

with a spacer layer. 

16. A heat exchanger according to claim 14, wherein 
said reflective layers each comprise a middle 

20 portion comprising material of low emissivity, the 

middle portion being sandwiched between two 
end layers comprising material capable of reflect- 
ing thermal energy. 

17. A heat exchanger according to claim 16, wherein 
said middle portion has an emissivity of about 
0.03 and a thickness of about 1/4 mil, and said 
end layers each have a thickness of about 350 
Angstroms. 

18. A heat exchanger according to claim 17, wherein 
said middle portion comprises polyster, and said 
end layers each comprise aluminized metal. 

19. A heat exchanger according to claim 14, wherein 
said spacer layers each comprise material capa- 
ble of encapsulating the reflective layers so that 
heat is not directly transferred from one reflective 
layer to the next reflective layer. 

20. A heat exchanger according to claim 19, wherein 
said spacer layers each have a thickness of about 
4 mil and a density of about 0.5 oz/yd 2 . 

45 21. A heat exchanger according to claim 20, wherein 
said spacer layers each comprise polyethylene 
terepththalate. 

22. A heat exchanger according to claim 2, wherein 
so said energy exchange means comprises tubing 

comprising stainless steel, said tubing is brased 
to said reservoir. 

23. A heat exchanger according to claim 22, wherein 
55 said reservoir includes a groove and said tubing 

is received within the groove, and 

wherein said tubing is brazed within said groove. 



4. A heat exchanger according to claim 3, wherein 
the reservoir and the substance are cooled to a 
temperature of between about -190 degress F 
and -300 degrees F. 

30 

5. A heat exchanger according to claim 2, wherein 
said temperature control means further compris- 
es a heat source for heating said reservoir for al- 
lowing precise maintaining of temperature. 

35 

6. A heat exchanger according to claim 2, wherein 
said cooling means comprises a closed cycle re- 
frigerator capable of delivering 200 watts of pow- 
er at 77 degrees K. 
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24. A heat exchanger according to claim 22, further 
including a notch within said groove, wherein said 
notch is filled with brazing material and said tub- 
ing is brazed thereto. 

5 

25. A heat exchanger according to claim 23, wherein 
said groove is formed in said reservoir as a spiral 
radial. 

26. A heat exchanger according to any one of claims 10 
22 to 25, wherein impurities from the substance 
condense onto said tubing, and 

wherein interior surfaces of said tubing are chem- 
ically cleaned and etectropolished. 
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